ABSTRACT
INTRODUCTION
Modeling of a simple motion control system is the underlying foundation from which the development of a realistic complex autonomous control system is possible. In the field of automation engineering it is quintessential to be able to understand and evaluate the use of a specific controller. In this paper we have taken a DC motor operated Robotic leg as the simple nonlinear model for analysis [1] [2] . The one degree of freedom rotation of this simple system is then controlled by a Model Predictive Controller. To evaluate its performance an adaptive PID controller is also used. The entire model is designed in the Matlab Simulink environment [4] . Finally a linearized state space model is obtained which finally gave us an insight about the stability of the system. Moreover, a classical approach was taken to understand the controllability of the simple system in this paper. A step trajectory of angles ranging from 0 to 90 degree corresponding to specific range of voltage which in this case was considered to be 0V to 10V was to be traced by our system. The performance and quality of response was judged on the basis of settling time, overshoot and steady state error obtained from the step responses at various tracking angles of the simple system presented in this paper.
In section 2 we took a simple nonlinear dynamic model of the robotic leg and integrated it with the linear model of a DC motor. The torque necessary for the desired rotation of the leg was generated by the DC motor. In next part we solved the motor control equation and we derived an armature current equation. A Simulink model of the robotic leg is given in this section. Section 3 deals with the use of both MPC and PID controller on our system. Both the Simulink models along with optimum control parameters are given here. In Section 4 the simulation results generated from the Simulink environment of Matlab is shown and performance was compared based on the simulation results.A far better response was obtained when the robotic leg was controlled by MPC [6] [8] . With section 5 we conclude the paper with references in section 6.
Nonlinear Modeling of Robotic Human Leg

Equivalent Model of Leg:
A robotic leg can be modeled taking into account a simplistic model of a human leg that relates the output angular rotation about the hip joint to the input torque generated by the leg muscle [2] . A simplified model for the robotic leg assumes an applied torque T m supplied by the DC motor, viscous damping, D, at the hip joint, and inertia J, around the hip joint. Finally the component of the weight of the leg, Mg, where M is the mass of the leg and g is the acceleration due to gravity creates a nonlinear torque. Assuming the robotic leg to be of uniformdensity, the weight can be applied at L/2, where L is the length of the leg. A pictorial representation of the cylindrical model of a robotic human leg is shown below.
Figure 1: Cylindrical model of a Robotic Human leg
Summing the torques, the dynamic model of the robotic human leg can be obtained which is as follows:
This torque will be supplied by a DC motor and hence an appropriate DC motor capable of rotating the leg from 0 degree to 90 degree is the next step for controlling this robotic leg.
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Design method of DC motor operated robotic Leg:
A DC motor with armature control and a fixed field is considered. The electrical model of such a DC motor is illustrated in Figure 2 The circuit equation for the electrical section of the motor can be written as
The equation can also be written as:
The torque developed by the motor is proportional to the armature current and the equation is as follows To control the robotic leg such that the DC motor can rotate it from 0 degrees to 90 degrees, a PID controller is first of all installed so that it can give the accurate actuating signal for the desired response of the DC motor operated robotic leg model. The PID controller used for this purpose is an adaptive PID controller which also includes a filter block to obtain the most efficient response. 
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The Simulink model of the PIDcontroller [9] is as follows:
Figure 4: A Simulink Model of PID Controller
The Simulink model incorporating the PID controller is shown below: The system input is a voltage signal with a range from 0 to 10 V. This signal is used to provide the control voltage and current to the DC motor. The goal is to design a controller so that a voltage ranging from 0 to 10 volts corresponds linearly to an angular rotation of a robotic arm from 0 to 90 degree respectively. Since we want to move the robotic human leg to a proper angular position corresponding to the input, a positional servomechanism will be needed to convert the angular position information into corresponding voltage and negatively feedback the signal back into the system so that it can be compared with the input voltage signal and fed to the input of the controller. The feedback signal in voltage is E f = θ L ×K p where Kp is the proportional constant and is equal to the ratio of the input to the desired position output. In our case 10V should correspond to 90 degree. Hence Kpwhich also known as the Load angle Velocity feedback will be equal to 10/90 = 0.1111.
MPC Controller Based Simulink Modeling:
The model predictive controller (MPC) is designed depending upon the past inputs and outputs, model predicts the future output [8] . It is compared with reference value and the subtracted result or future error is sent to theoptimizer.With the help of quadratic cost function and suitable constraints, it creates the future inputs of the optimizer which finally becomes the past memory of the model for the next event.
Thus an iterative method is subsequently followed until it reaches close to the desired reference value [6] [7] . A basic structure of MPC [8] 
Control Horizon 2
The same procedure is carried out using the MPC controller and the Simulink [4] model is shown as follows: 
Comparative Analysis of Simulation Result:
A comparative analysis of the performance of the robotic leg by both MPC and PID controller is obtained by undergoing simulations in Matlab [3] [5] . Signal values ranging from 10V to 4V is chosen and the desired output for such actuating signals should be from 90 to 30 degree respectively.
The response of the system using the PID controller for an input of 10 volts is shown below:
Figure 8
The settling time for the system is 0.04 seconds but the overshoot is around 8%. Such a overshoot is not desirable for the system.
The response of the system using the MPC controller for an input of 10 volts is shown below:
Figure 9
While using the MPC controller the settling time has reduced down to 0.037 seconds and overshoot has been totally eliminated.
The response of the system using the PID controller for a input signal of 4 volts is shown below:
Figure 10
The output was way beyond the desired angle of 30 degrees. A steady state error of 5% was obtained. The response was very poor.
Carrying out the same operation using MPC controller we got a far better response as shown below:
Figure 11
In the case we obtained a settling time of 0.025 seconds and no overshoot at all. This simple nonlinear model [5] was linearized using Taylor series method and the state space model used by the MPC controller was
Where =θ.
The corresponding transfer function of the linear model is described as follows:
The eigenvalues of the system matrix were -1.3285 + 3.1568i & -1.3285 -3.1568i showing that the system is stable because the real parts of the eigenvalues are negative. 
Conclusion
In this paper we tried to implement a simple model of a robotic leg with a DC motor rotation in response to a specified Voltage [2] . Our motto was to show the superlative performance of Model predictive controller over PID controller in controlling small systems. This simulation results prove our concept and this allow us to use MPC for more complex systems. This paper also presents the process of implementing simple control system design using the Simulink environment of the Matlab Software [3] [4].
Our future work will be on the application of MPC in more complex systems such as multi direction rotation of human leg and to stabilize the system for different inputs.
